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i’3umARY

In several instances during level-flight check tests of the operation
of tail spin-recoveryparachute equipment, the testability and the erratic
behavior of the conventional flat parachutes used caused the airplanes
to make uncontrollable ~ations. ti order to determine whether a stable
parachute could be safely towed behind an airplane in flight and also
whether it would be effective as a ‘spin-recoverydevice, the National
Advisory Comnittee for Aeronautics has conducted sm investigation with
airplane models in the Iangley free-flight and Langley 20-foot free-
spinning tunnels. Both hemispherical and flat parachutes with a range
of porosities were used in the investigation.

The investigation indicated that when an unstable tail parachute of
the size estimated as required for spin recovery was opened from a model
in gliding flight, the model performed extremely violent pitching and
yawing gyrations which prevented sustained gliding flight; whereas when
a stable parachute was opened, the flight characteristics of the model -
were satisfactory. The ~ations caused by towing unstable parachutes
were not reduced appreciably when the towline was lengthened. Ektis-
factory spin recoveries were effected with either stable or unstable
parachutes. h general, the hemispherical parachutes gave spin recoveries
equally as good as unstable flat parachutes when the pro~ected
diameter of the hemispherical para+te was about two-thirds the laid-
out-flat diameter of the unstable flat parachute. The stability of
both the hemispherical and flat parachutes
a function of the porosity of the fabric.
decreased as the porosity was increased.

was found to be prim&ily
The parachute drag coefficients

INTRODUCTION

Before some types of airplanes are
the contractor is required to assure by

accepted by the Armed Services,
flight tests that the airplane
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is satisfactory with ~egard to
.strationflights, the airplane

spin recovery. During the
is usually equipped with a

spin-demon-
tail parachute

for use as sm emergency spin-recovery device. The size of parachute.
and the le~gth of towline needed to provide satisfactory spin recovery
for a specific airplane are usu~ly determined by the National Advisory
Committee for Aeronautics by means of tests in which small parachutes
are opened on a dynamically scaled model of the airplane spinning in
the Langley 20-foot free-spinning tunnel. In the past, flat parachutes
made of silX or nylon such as is conventionallyused in personnel para-
chutes have been used both in the tunnel tests and in flight and have
generally been satisfactory in effecting spin recovery. Recently, however,
this type of parachute has caused difficulty when the parachute was
opened in normal.flight to check the operation of the opening mechanian.
After the paractite has been opened, the airplane in several instances
has ~erfonned wild Uncontrollablegrations and in one instance a fatal
crash resulted. This hhavior was believed to be caused%y the inherent
instability of the conventional flat parachute used. “In order to verify
this fact and to find means for correcting the condition, the NACA
has undertaken an investigation with airplane models h the Langley free-
flight and Langley 20-foot free-spinning tunnels.

In the investigation, the effect-of replacing the unstable flat
parachte with a stable parachute in gliding flight and in spins was
investigated. The effect of increasing the length of the towline of an
unstable flat parachute towed behind a model in a nose-down diving
attitude was also studied. The stable parachutes used in the investi-
gation were high-porosity flat and hemispherical parachutes. Before
the behavior of the airplane model-swith the stable parachutes was
determined, the stabili~ and drag characteristics of a series of
parachutes-of different
tests were also made at
chutes.

v

porosities were measured
high airspeeds on-one of

SYMBOLS

at low speed. Brief
the hemispherical para-

dynamic pressure, pounds~er squere foot (\:pvp
\c ,

airspeed, feet per second

density of air, slugs per cubic foot &

mean aerodynamic chord, feet

ratio of distance of center of gravity rearward of
leading edge of mean aerodynamic chord to length
of mean aerodynamic chord
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cm

c=

.

. !3

CL

CL

c%

ratio of vertical distsmce between center of gravity
and fuselage reference line to length of mean aero-
dynsnic chord (positive when center of gravity is
%elow fuselage reference line)

radii of gyration about X-, Y-, and Z-axes (%ody),
respectively, feet

wing span, feet

wing area, square feet

()pitching-moment coefficient ~
qch

()

m
yawing-moment coefficient —

q%

pitching moment, foot-pounds

yawing moment,

rate of change

of sideslip

foot-pounds

of yawing-moment coefficient with angle

()

dCn
per degree —

d~

angle of sideslip, degrees

rate of change of pitching-moment coefficient.with lift
coefficient (static margin)

lift coefficient

()

Lift
qs~

()

dCL
slope of lift curve per degree —

da

,.

rate of change of pitchin -moment coefficient with .angle

()

dCm
of attack per degree

z

angle of attack of fuselage reference line OS model
during gliding flight, degrees

angle of attack at zero lift, degrees

singlebetween fuselage reference,line and vertical during
spin (approximatelyequal to absolute value of angle of
attack at plane of symmetry), degrees

—-
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angular velocity
per second

II(ICJI‘m 2098

of model about spin axis, revolutions

glide-~th angle, dewees

distance from center of gravity of model to parachute-
towline attachment point, measured parallel to
fuselage reference line, feet

distance from center of gra~ity to parachute-towline
attachment yoint, measured perpendicular to fuselage
reference line, feet

%2 distance from line of application of parachute drag to
center of gravity of model, measured perpendicularto
line of application, feet

Hl distsmce from ceriterof gravity to intersection of ‘
towline with vertical body axis, feet (fig. 21)

A distance from attachment point of parachute to intersection
of towline with vertical sxis, measured perpendicular
to X-axis (body), feet (fig. 21)

c% drag

D
P

drag

coefficient of parachute (Dp/q~)

of parachute, pounds

WD weight of parachute including shrouds and
.

‘P ()%2area of parachute, square feet ~

%
laid-out-flat diameter of flat parachute;

diameter of hemispherical parachute

“

.

towline, pounds

projected

Gi approximate angle of inclination of parachute from
direction of air stream due to its instability, degrees

% approximate angle at which parachute hangs down due to
its weight-when towed in gliding flight,

w
degrees

()

tin-l $ .

P

approxtiate total angle of inclination of parachute from
.

direction of air stream, degrees
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Wind Tminels

The tests were made h the Langley free-flight tunnel and in the
Langley 20-foot free-spinning tunnel. The Langley tiee-flight tunnel
is equi~ed for testing free-flying dynamic models and its operation is’
described in detail in reference 1. An operator adJusts the inclination
of the longitudinal axis of the tunnel and the tunnel velocity to corre-
spond to the nomal glide-path angle and trim airspeed of the model to
control its horizontal and vertical position in the test section. A
pilot controls the model in flight by means of two control sticks
that supply current to small, electromagneticmechaniarnswithin the model
that actuate the control surfaces. The motions of the model sre obse~ed
by the pilot in order to determine its stability and control character-
istics. These obsenations are supplemented by motion-picture records.
The Langley 20-foot free-gpinning tunnel has a vertically rising air
stream and its operation is similar to that described in reference 2
for the Langley 15-foot free-spinning tunnel, except that the dynamic
models are launched by hand with spinning rotation rather than launched
from a spindle. The airspeed is adjusted to equal the rate of descent
of a spinning model. -developed spins are studied andan attempt
is then made to effect recovery from the spin by control reversal,
opening a spin-recoveryparachute, or by some other recovery device.

Airplane Models

One free-flight-tunnelmodel, which is referred to herein as model 1,
and five free-spinning-tunnelmodels, which are referred to herein as
models 2 to 6, were used in the tests. Three-view drawings of the models
are shown in figures 1 to 6. The general construction of the models,
which were made principally of balsa, iS described h references 1
and 2. The models were ballasted with lead weights and dynamically
represented airplanes such as fighters and torpedo-bmnber airplanes which
might use a spin-recoverj p~achute. The model loading conditions are
listed in table I. Remote-control mechanisms were installed in each
model to open thaeparachutes.

P&achutes

The flat spin-recoveryparachutes used in the investigationwere
made .ofcircular pieces of nylon, silk, or loosely woven mesh. The
nylon and silk parachutes had central vents and were similar in
constriction to those described in reference 3. The flat parachutes used
are listed in table II and photographs of,a typical unstable,flat para-
chute inflated me presented as figure 7.

——.—.. –,..——— _ ..~——~ ____ —.— .—. -————. .. .. . ______ ____
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The-hemispherical parachutes had preformed hemispherical canopy

shapes with the diameters ranging from 4.14 inches to 36.56 inches
(projected diameters); they were made of different-t~es of
cloth, the specified porosity numbers of which ranged from 150 to
over 900. The porosi~ numbers are given as the cubic feet of air that
will pass through 1 square foot of the cloth per minute under a pressure
of 1/2 inch of water. The porosity as given for each parachute does not
take tito account a probable reduction in air flow through the parachute
due to seam construction between the panels or due to the double-thichess
crown panel which was at the top of each parachute canoyy. The hemi-
sphericalparachutes used are listed in
stable hemispherical parachute inflated

METHODS AMD

table III and a photograph of a
is presented as figure 8.

TESTS

TWO testing methods were used to studythe stability of the various
parachutes. One method consisted of tying the end of the towline of each
parachute listed in table IV to a bsr, holding the bar in the air stream
of the Langley 20-foot free-spinning tunnel, and noting the behavior
of the parachute over the range of airspeeds noted in table IV. The
other method consisted of tying weights to the tawline of each of the
parachutes listed in table V,releasing it to float freely in the air
stream of the Iamgley 20-foot free-spinning tunnel, and noting the
behavior of the parachute. Parachutes which alined themselves with the
wind stresm were considered to be completely stable, although parachutes
which inclined only a few degrees from the air stream and did not
oscillate were also classified as stable. b order to obtain data for
calculating the drag coefficients of the parachutes, the airspeed
necessary to hold the parachutes and weights at test level when they were
floating freely in the Langley 20-foot free-spinning tunnel was recorded.
The drag of the parachute was then taken to be equal to the sum of the
weight of the parachute’and the suspended weight.

In the gliding-flight tests in the Langley free-flight tunnel,
unstable and stable parachutes of various sizes as listed in table VI
were opened on a 30-inch towline attached to the tai’1cone of model 1
while the model was in flight, and the glide-path angle and air-stream
velocity were adjusted to the resulting new trim conditions. Observations
of the stability of each parachute and the resulting effects on the
stability and control of the model were made. A photograph showing the
model towing a stable hemispherical parachute is given as figure 9.

For the spin-recovery tests, made with models 2 to 5, the parachute
pack wkm installed near the rear of the fuselage below the horizontal
tail and the towline was attached to the rear of the fuselage. The
parachutes and towlines used on each model are indicated in table VII.

.

.
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Various airplane tail-parachute installations are discussed in refer-
ence 4. A typical free-spinning-tunnelmodel is shown spinning in the
tunnel in figure 10. The number of turns required for recovery frcm,
the spins was measured from‘the time the parachute pack was freed to
permit its opening for recovery until the spin rotation ceased.

Tests were made to determine the effect of parachute-towline length
on the behavior of a diving model towing an unstable flat tail parachute.
For these tests, model 6 was suspended in the vertical air stresm of the
Langley 20-foot free-spinning ttiel from the 10.00-inch-diameterunstable
flat parachute with successive towlines of 10 inches, 30 tithes, and
60 inches attached to the rear of the fuselage. The behvior of the
parachute and of the model in the ah stream were noted.

The 11,.84-inch-diameter400-porosity hemispherical psrachute was
tested in the Langley 300 MPH 7- by 10-foot tunnel at airspeeds up
to 246 miles per hour to determine the opening characteristics of the
parachute at high speed.

Motion pictures were taken during the various tests and the film
records were used in evaluating the results.

.

RESULTS AND DISCUSSION

Preliminary Study of ParaclnrbeCharacteristics

Parachute stability.- The results of the tests made to determine the
stability of the parachutes are presented in tables IV and V. The average
singleof inclination of the parachute to the air stream ‘i varied with

porosity as shown in figure Il. A porosity of at least 400 was necessary
to make the hemispherical parachutes remain stably alined within a few
degrees of the direction of the air stream. As the porosity was decreased
below 400, the parachutes becsme unstable and inclined progressively
more and more from the direction of the air stream and began to make
erratic side-to-sidemotions. The 400-porosity hemispherical parachutes
were selected as sufficiently stable for use in the tests of the gliding-
flight and spin-recoverymodels. It was found that a flat parachute of
very high porosity alined itself stably with the air stresm, just as did
the high-porosity hemispherical parachutes. The stability of the para-
chutes was not appreciably affected by changes in airspeed over the-test
range indicated in tables IV and V. A photograph of five approxi-
mately 9.80-inch-diameterhemispherical parachutes of different porosities
(ranging from 150 to 400) with their towlines attachedto a horizontal
bar in the air stream is presented as figure 12. Motion-picture strips
of two 5.86-inch-diameterhemispherical parachutes, one with a porosity

. . .— — ..__ ._—______ —— .— —-— ~. -.. ..— ——.



8 NACA TN =98 .

of 170 and one with a porosity of 400, floating freely in the air stream
.

are presented in figures 13 and 14, respectively. The results of the
tests made over the porosity range of 30 to 294 indicate that the hemi-
spherical shape contributed somewhat to the parachute stabilitybecause
the unstable hemispherical parachutes within that porosity.range
occasionally ceased their erratic motions for a brief instant and merely
traveled across the tunnel, where,asthe 120-porosityflat parachutes
were continuously erratic.

The present test results are in&reement with the results presented
in an unavailable British paper, wherein it is noted that porosity has
a lsrge effect on the stability of a parachute. That the shape of a
parachute may also affect its stability is indicated by the present test
results, by those reported in the aforementioned British paper, by the
results reported in reference 5, and by a few tests (results unpublished)
with truncated pyramidal parachutes. Me present
the 9.80-inch-diameter4Q0-porosity hemispherical
shroud lines (table IV) are in agreement with the
indicates that parachute stability is independent
number of shroud lines.

results obtained with
parachute with shortened ‘
British paper, which
of both the length and

Parachute drag coefficients.- The drag coefficients measured for
the hemispherical and flat parachutes of various porosities are given in
table V and are plotted for the hemispherical parachutes in figure 15. .

The value of drag coefficient at zero porosity plotted in figure 15 for
comparison was obtained flromreference 6 for a metal hemispherical shell.
It will be noted from figure 15 that the drag coefficients decreased as =
the porosity was increased. The drag coefficient of the hemispherical
psrachute of sufficient porosity to provide stability (porosity of 400)
was 1.1 as compared with 1.4 for the metal hemispherical shell. These
coefficients are based on the projected area of the canopy. we drag
coefficients of the flat parachutes given in table V are based on the
surface area. For a direct comparison with the flat parachutes int erms
of surface area, the drag coefficients of the hemispherical parachutes
should be divided by 2. On this basis the 400-porosity stable hemi-
spherical parachute had a drag coefficient of 0.55 as compared with 0.71
for the conventional flat parachute, and for equal drag at a given
airspeed, the hemispherical parachute would require approximately 130 per-
cent of the surface area of the conventional parachute. The corresponding
projected area of the hemispherical parachute would then be 65 percent
of the surface area of the conventional parachute and the corresponding i
projecte&dlameter specified for the hemispherical parachute would be
approximately 80 percent that of the laid-out-flat diameter of the
conventional parachute.

Parachute behavior as affecteclby airspeed.- Over’the airspeed range
tested (velocity range, 26 to 92 fps) with the parachute towlines tied to a 0
bar in the air stream of the Langley 20.foot free-spinning tunnel (table IV),

.
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the hemispherical parachutes having’porosities of 150 to 400 retained
their shape and the 120-porosity flat psrachute retained its fully
inflated shape. The parachutes having porosities greater than 400,
however, including both the hemispherical and flat parachutes, started
to close at the rim as the airspeed was increased above 26 feet per second.
At 40 feet per second the hemispherical parachute with a porosi~ of 612
was nesxly closed. With a strip of imporous tape 3/4 inch wide attached
around the rim of the 6~-PorositY hemispherical parachute just above
the hem (hem was 1/4 in. wide), the parachute remained fully open in a
hemispherical shape over the entire airspeed test range. A strip of
tape 1 inch wide applied in a similsr manner to the 10.60-inch-diameter
flat parachute made of loosely woven mesh caused it also to ranain fully
open over the entire airspeed range.

In the tests of the 11.84-inch-diameter400-porosity stable hemi-
spherical parachute in the Langley 300 MPH 7- by 10-foot tunnel, it was
found that the hemispherical parachute retained its shape as the tunnel
airspeed was increased frcm low speed to an indicated sea-level velocity
of 361 feet per second (246 mph). However, when the same parachute
was opened at an indicated sea-level velocity of 304 feet per second
(2@ mph), it contracted at the hem and assumed a pear shape which it
retained as the airspeed was decreased to zero. When this parachute
was opened in the Lsngley 20-foot free-spinning-tunnelair stream at
an airspeed of ~ feet per second, it assumed a hemispherical shape.
Measured drag coefficients of the psrachute at various indicated sea-
level velocities during the test runs in the Langley 300 MPH 7- by 10-foot
“tunnel sre plotted in figure 16. As shown in the figure, the drag
coefficients depended on the shape of the parachute and were smaller when
the parachute was pear-shaped than when it was open to its full hemi-
spherical shape. For both the pear shape and the hemispherical shape
the parachute drag coefficients increased with a decrease in airspeed.

Experience with full-scale hemispherical parachutes of the partic~
type used in the model tests has indicated that the pear shape is normally
obtained upon opening at high speeds and that the final hemispherical
shape usually develops soon after the airspeed is reduced. With regard
to airplane spin recovery, the airspeed is not appreciably reduced after
the parachute opens and therefore a parachute which is selected as
sufficient to provide spin recovery shtild open fully almost immediately
so that all its potential drag will act to effect rapid spin recovery.
The opening characteristics of full-scale stable spin-recovery parachutes
can best be determined by testing them at the airspeeds attained by
airplanes in spins. The results of a wind-tunnel investigation of the
effects of several
istics of a series
ence 7.

parachute design variables on the opening
of haispherical parachutes are presented

chsracter-
in refer-

— . —.. . ———. ——.—.——
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Behavior in Gliding Flight

,1

.

The results of the tests in which unstable ahd stable tail para-
chutes were opened on model 1 during gliding flight in the Langley free-
flight tunnel are presented in table VI. The comparative behav~or of
stable and unstable parachutes being towed behind the model in gliding
flight is shown in the motion-picture strips in figure 17. Opening
unstable parachutes of either the conventional flat type or the low-
porasity hemispherical type had an adverse effect on the stability of
the model because of the erratic oscillatory motions of the parachute.

“When the unstable parachute was mnkll, its erratic motions caused little
difficulty in flying the model because the forces exerted on the model
were small. With the”larger unstable parachutes, however, the forces
were large enough to impart severe and erratic pitch@g and yawing
motions which made sustained flight difficult or impossible. A 7.00-inch-
diameter flat parachute and a 7.26-inch-diameter hemispherical parachute
of nearly equivalent porosity were the largest of the lower-porosity
unstable parachutes with which flight could be maintained. When a 15-tich-
dismeter flat parachute - the size estimated as necessaq for satisfacto~
spin recovery - was opened, the model perfomned extremely violent pitching
and yswing ~tions which prevented sustained gliding flight. When
stable parachutes were opened, there was no adverse effect on the flying
characteristics of the model; rather, the primary effect of the stable
parachute was to increase the stability of the model. A method of
calculating the increase in longitudinal and directional stability of
the mQdel contributed by the parachute is presented in the appendti. .
The changes in glide-path angles and trim lift coefficients for the
different parachutes with the towline attaclmmnt at the rear of the
fuselkge as shown in figure 1 are also presented h table WI. The
main effect of opening a psrachute was to steepen th,eglide-path angle
without much.change in the trim lift coefficient. The maximum change
in glide-path angle observed was 14° which was obtained with the 9.86-inch-
diameter 200-porosity hemispherical parachute. A method of estimating
the effect of the parachute on the trim lift coefficient, which is a
function of the aerodynamic cbhracteristics of the airplane and para-
chute as well as the
appendix.

geometry of the installation, is given in the

Spin-Recovery Effectiveness

The results of the spin-recovery-parachutetests are presented in
table VII. The calculated drag of each open parachute during the spin
recovery is also Included in the table. The drag coefficients used in
calculat@.the drag were taken from table V. Motion-picture strips
showing model 5 recovering’from spins after a psrachute was opened are
shown in figures 18 and 19. The respective parachutes shown sxe

.

.

,
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the 6.00-inch-diameterunstable flat type and the h.20-inch-dismeter
hOO-porosity stable hemispherical type, and both recoveries shown were
effected in about 1 turn of the model. As the model dived following
the recoveries fran the spin, the flat psrachute moved from side to side
behind the model, whereas the kC4)-porosityhemispherical parachute
trailed stabl.ybehind the model. The results obtained with models 2
and ‘jindicate that there was no,appreciable difference in the number
of turns for recovery required after opening a stable hemispherical
parachute (porosity kOO) or an unstable hemispherical parachute
(porosity 150) of the same diameter and of approximately the same drag. ‘
(See table VII.) .Whenan unstable flat psrachute of 9.00-inch laid-
out-flat diameter and a hemispherical psrachute of 5.86-inch projected
diameter were opened for spin recovery on models 2, 3, and 4, the results
were as follows: For model 2, recoveries obtained with the flat para-
chute appeared to be slightly better than those obtained with the hemi-
spherical parachute; for model 3, the turns required for recovery with
the flat and hemispherical.parachutes were not appreciably different;
for model k, the recoveries obtained with the hemispheric~ parachute
were better than those obtained with the flat parachute. Also, for
model 5, a 4.20-inch-diameterhemispherical psraclnrteeffected slightly
better recoveries than did a 6.03-inch-diameter flat parachute. It
appesrs, therefore, that i-ggeneral the hemispherical psrachute gave”
spin recoveries equally as good as flat parachutes when the projected
dismeter of the hemispherical psrachute was about two-thirds the laid- ~
out-flat diameter of the flat parachute. The drag of the hemispherical
parachutes required for recovery was approxhately 70 percent of the drag
of the flat parachute.

For model 4, the recoveries obtained with the 10.60-tich-diameter
high-porosity stable flat psrachute were better than those obtained
with the 9.00-inch-diameterunstable flat psrachute, even though the
drag of the stable parachute was less than that of the unstable psra-
chute.

When mode16
at an airspeed of

Effect of Increasing Towline ’Length

was tested in the Langley 20-foot free-spinning ttiel
approxtitely 57.5 feet per second in a nose-down

diving attitude wit~-the 10.00~inch-diameterunstable flat parachute
attached to the tail with a 10-inch towline, the erratic behayior of the
unstable parachute caused the model to make violent pitching and yawing
gyrations of as much as 30° from a vefiical nose-down attitude. The
actions of the model and the parachute during tests with the 10-inch
towlihe are shown in the motion-picture strip in.fi.gure20. Men-the
towline length was 60 inches, the ~ationso,f the model were slightly
less violent than when the towline length was 10 inches. If it is
assumed that the model represented an airplsne with a wing span of 50 feet,

.

—-————.— .. ..— ——-—— —— .-— —z —— _ ——--——
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the ftiU-sc&Le parachute diameter was 26.2 feet, and the full-scale
towline lengths were 26.2 feet and 157 feet, respectively. The res~ts
of the tests indicate that increasing the-towline length will.not
eliminate the difficulties associated with towing unstable parachutes.

CONCLUDIliGREMARKS

I&ed on the results of an investigation with airplane models in
Langley free-flight and Langley 20-foot free-spinning tunnels to
determine whether a stable parachute couldbe safely towed behind an
airplane in flight and also whether it would be effective as a spin-
recovery device, the folluwing.concludingremarks can be made:

the

1. When unstable tail parachutes of the size estimated as required
for spin recovery were opened from a model in gliding flight, sustained
flight was impossible because of the extremely violent pitching and
yawing gyrations performed by the model.

2. When stable tail parachutes of the size required for spin
recovery were opened in gliding flight, the stability of the model was
increased and sustained flights could be made with ease.

~. Satisfactory spin recoveries were effective with either stable
or unstable parachutes.

4. In general, the hemispherical parachutes gave sp”inrecoveries
equally as good as unstable flat parachutes when the projected
diameter of the hemispherical parachute was about two-thirds the
laid-out-flat diameter of the flat parachute.

5. The gyrations which the model made when towing an unstable tail
parachute were not appreciably lessened
the towline.

6. The stability of the parachutes
function of porosity of the fabric.

7. The parachute drag coefficients

by increasing the length of

was found to be primarily a

decreased as the porosity was
increased.

Langley Aeronautical Laboratory
National AdvisorY Ccmmittee for Aeronautics

Langley Air-Force Base, Vs., June 23, 1948
“

.
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FORMULAS FOR

APPENDIX ‘

ESTIMATING THE EFFECT OF TAIL

PARACHUTES ON AIRPLANE STABILITY

A tail parachute theoretically increases the static longitudinal
and directional stability of an airplane. In yractice, however, this
increase is not realized if the parachute itself is unstable. For the
case of the stable tail parachute, the increases in the static sta%ility
of the a~lane may be estimated from the formulas derived h the
following paragraphs. The symbols used are explained in figure 21.

Static longitudinal stability.- The increment in pitcldng moment
produced by a tail parachute is

Rrom figure 21,

where

and

H1=ZO-A

A= Zttan (~- C*)

For small values of ~ -
%’

(1)

(2)

(3)

(4)

(5)

—...—? .... _. ,.———-—-— —-.-.—. —-— ,—. . -..,—. .-. ..— —.. .——.-.——.
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,“

The total parachute inclination angle
.

‘P
can be broken down into its

componept parts as follows:

.P=(%-~o)2+.w+.i
(6)

where CW is the approximate angle at which the parachute hangs down
because of its weight-and is calculated by the simple relation

(7)

The term Ci is’the angle at which the psrachute hangs down because of

its instability. It has already been shown (fig. 11) that in a vertically
rising air stream, parachutes are inclined at some ~gle t~ the ah stre~
and the angle of inclination increases as the porosity is decreased. In
a horizontal air stream this inclination is also present and Is usually
dowmwsrd because of the weight of the parachute. Tests of parachutes
in the Lsmgley free-flight tunnel indicated that ~i varied with porosity

in approximately the ssme manner that the inclination singlevaried h
the vertical air stream. Values of ei for parachutes of different

porosity can therefore be obtained directly from figure ~=

Substituting in equation (5) the expression for ~ given in
equation (6) gives

H2. zo-zt

.

Converting to coefficient

in equation (8) gives

{

Splz&=c~__~ o-

.

Differentiating equation
gives N% (ier radisn)

‘%

.

form and substituting the value of H2

F(.)dEp dcp

‘t l-~ +Gzo~- %-e

. 1}

(9) with respect to angle of a~tack (~)
9s

.

(8)

shown

(9)

(lo)
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Dividing equation (10)

ilc
msrgin factor G,

acL

)

15 “

by cLa,(~er radian) gives the incremental static-

de
The rate of change of dcmiwash with angle of attack ~ was determined

experimentally to be approximately 0.2 for model 1 for the towline
lengths used. This value was used in calculating the.longitudinal
stability increment caused by the psrachute.

Static directional stabiMty.- Similsr treatment of the directional
stability results in the following expression:

~ ‘t (per radian)ACnP = C
DPq T

(Sidewash was not taken into account in this expression.)

Calculated changes in stability.- In order to illustrate the effect
of a tail parachute on the stability of model 1, calculations were niade
by using equations (11) and (12). The calculations were made for a
7.23-inch-diameter400-porosity hemispherical parachute. The results

showed that the static margin &m/aCL was increasedby -0.11 and the

static directional stability Cnp was increased by 0.0014 per degree.

Calculated changes in trim.- ~ chge ~ trim lffi coefficient MT,
caused by the opening of a tail .psrachutecan be
the value of ACm obtained from equation (9) by

margin ‘m/acL w~ch is obtainedby tiding the

calculated by equation (11) to the static msrgin
the parachute.

calculated by dividing –
the total static

incretientalstatic msrgin

of the airplane without.

For the parachute having large values of ‘i
and erratic motions

(porosity under 250) the change in trim cannot be calculated accurately
by this method.

Calculations were made by.this method to determine the change
in trim for model 1 when a 7.23-inch-dismeter400-porosity hemispherical
psrachute was attached at the tail at a special attachment point 4.7 inches
below the center of gravity. The results indicated a change in trim lift
coefficient of -0.16 which agreed fairly well with the change of -0.19
observed in flight tests of this condition.

____ _ . . .— —— —- -——— —- —— —. .— - - —-
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TABLE I

OF THE AIWLANELOADING

IN TAIG-I?ARACHUTESTABIGITY JIlV123TIGA!TION

Center-of-gravi~’ ‘
location

Weight k=
Model % %

(lb)
x/5 z/E T .F T

1 7.93 0.282 0.006 (a) (a) (a)

2 3.69 .268 .001 0.11o ‘0.157 0.192

3 3.35 .251 .010 .IsL .141 .178

4 2.35 ~.284 .017 .llg .122 .467
.

5 1.50 .230 .017 .100 .203 .220

6 2.09 .231 -.031 .101 .158 .la

a~alum not measured.

.
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FLAT PAPWHW’ES USED IN TAIL—PARMHUTB

STABILMT mvIc3TIwm

Parachute PoroBity - of
can”&py

vent Ihmber of

d Oanopy
‘m:Ej ‘P‘

awiwter, +/12
shroud

mterial
shroud

Mles
materialb (ill.) lWS (In.)

L.E~ am OApprcu . 120 0.35 8 ~.Tk

5.70 do----- --- OApprox.MO :48 8 7.70

6.oa Lb)---- ---- cApprox . MY am 8 8.M

7.m ----do---- cApprox. MO .58 8 9,45

8.cm ao---- ---- OAPPmX . lm .67 8 iota

g.co ao---- ---- cApprox.uo .75 10 12.15

10.03 ~lon cApprox. MO .83 8 13.X

lo.a IOOsely %ery hj.gh I?OM 8 14.30
Wovkl mesh

14.m au cApprox . MN 1.17 8 18.93

.
Y.aM-out-flat diameter.
khiblo feet of ELII?flow per minute through 1 square foot of mterial under presemw of 1/2 fmoh

of water.
%sraohutes vere tie from p.raohutm silk and nylon, the porositiee of which were ksed. on specifications ~

of the Annecl Services.
%or’osltT of Iihls prachute wm not measured but probably exceeded 900, T &

m

I

. . ,
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TAELE III

19

HEMISPHERICALPARACHUTESUSED IN TAIL-PARACHUTE

STKKCUTY lIiVESTIGATToN

[Rmhutes weremade of silkor nybn lId.SS otherwise noted

and had no Cenix’al vent]

Psrachute
diametera
(m.)

4.14
4.20

%
5.%
p.%
7.26
7420
7.20
7.23
8.28
8.2I.
8.35

;:$
10.10
9.86
9.%
;.8J

9:IM
9.%
9.EZ)
9.%
9.(!0
10.00
9.80
u.78
11.57
11.52
rL.78
1.1.84
24.XI
36.56

Porosityof canopy
materialb

(m ft/sqf’t/min)

lx
250
400.
150
250
400
150
200
294
400
150
200
250
294
400

cApproiK. 0
Iw
20Q
25Q
2&4

432
460
543
6U
700

% o
150
200
250
294
400
157
30

Humbsrof
shroudlines

12
Ii?
12
12
12
22
16
;;

16
16
16
16
16
16
16
16
1.6
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

Len@h of
shroudlanes

(in.)

12.75
I-2.75
12.75
18.00
18.CKI
18.00-
22.50
22.50
22.50
22.50
25.50
25.~
25.%.
25.50
25.50
30.00
30.00
30.00
30.00
30.00
30.00
20.00
20.00
20.00
20.00
20.CO
20.00
36.00
36.00
36.00
36.00
36.00
29.00
41.&l

apreformeddiameter.
%easured by manufacturer.

v

%sxachute made at theLangleyLaboratog of laprs of gauzeimpregnatedwith
airdane dope (cellulosenitrate)thinnedvithacetone.

%eracimte made of nylonscreen;porosi* tcm high to be measuredwith
manw”acturer’smsasurizgdevice.

*

. ----- .. ___ .. ... ... ..—. — -——— . .. ...._ _ . ..._ ._ .._
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!msIJ3T?

EmmIimf or E.mcmms Mmsmm w
mmIJz5mm5mEmnlAIssmmn

[vrfllwe,2%t0s2fRj

I

m= Dkme Pm-Oel& d lmtucid
(In.) (auft/sq ft/dn)

mhticulndr~ dg)
cd 4.20 4a- 8tdl@j dlbSd Vithlll 8 ffi bW8 3t05

cauxe-ofdr~

m-— 3.85 w ————-dO ---------- 3ti5

m —- 7.23 4UJ -—------+O-—— --------- 3ti5

m —- 8.3s ml —--.—-----*-—---——— 3t05

m— g-m 4XI -— ---.-— -—-——-—--- 3t.9

b— ~g.m m Stahio;iu.md Vithlna rev d0@w9 3b5
Of W-eOtiOnufd.r6tmmfslis!lt
Tllnationain ~ Vhlohmm
IDtpreHei TtWlul*lm@I’RbV+
IIIles

m——— Il.&+ w s+dlOD;dined withina few dngmm 3t09
cudireotimafd.r~.

m -— I.o.lo 0 Oiml.Od-tically uhllelmll.ng k8
todde

m -— 9.85 m. I&Tal-tiobaakdfti 1.5b’a3
allfrmti to tide

m --— 9.E6 m —— —.- — -.---—--— lotols

9.e6 2X 4t08

m---- 9.% 294 -—-— — —— ------ 6t010

m---- 9.85 ha stable;dimd wI* a rev dngrwn 2t04
OfdirWtimafdr~

h--- 9.81
*. Stahb; e.linedV-ltbilla revdogma lt03

ofdlmsualddr~

h —.- 9.8s 543 same; ~ WI+ air6trmm o

m ---- 9.82 612 ---- ——-. -dO——————---—---- 0

Ib——— 10.03 m ----——--da—--— -------- o

m—— 9.8) >W -——-— -dD—————— -— ----- 0

—-- 8.28 - m Mmulerratianlly l=’kdfcd.b ad lgbm
-Bldetimlde

k -— 8.21 m --—--— -—-————- I.otiu

m —-- 8.35 2X -—-— -—— ..-------—- 4t08

Ib--- 8.~ a -—-----—.- -----——----- 6t010

m---— II-78 m —-——--—-do——-— ------ lytom

m----— n-m 2QJ -—--—---+0—---------- I.oblz

m-—— =.s2 2W -—--—--do—--,--------- bt08

w----- IL78 ‘* -—----——---do—---y-———— 6ti Io

m.nt 8.IY3 MYPUX- ~ Mwdluakdfdandhslde to 28b32
ddea.dmledemutlMuJVblle
~~-

b-y—- lo.W &IIU=- ~ ---—--——--do---— ---------- 28ti32

&----- 14.03 MPZU. ~ —--—--—-do----— ------- 28t.Y32

Zu-—- lo.&l ~=J m Stdbj ~ Vlth & 8* o

.&af.n_e~.wr for Wd8plmlal ~a; lafd-mt-flatdiatar for flat pmcinrbs .
akOrhMdinlmIsnlfmnm~ (tablem)blomhee.

*
-

.

.

.

.

— .—— ..— ——
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4%2

&-----

Iv -----

m-—-
DJ ----

m—--
m-----

rx------
DO------

m------
m------
m-----

Ic------

rE------

m------

Da--——

DJ -----

m-----

rv-----

% —.

m-----

nab

m-----

m------
D3------

—

D~

(in.)

9.%

9.6
9.%

9.%
g.m

gel
9..%
9.%2
9.E4
9.m
10.03
gem
5.%

4.m

t.2a

24.20

*.%
9S0

8.CO

?$%

ml

Ew

g

em

b)

47

AF?l-J’lm

‘mmx V

8mmllmAmIFAa~ wPm47Em8’

Um3n emtio DMaam, ~ m
#iAbt.YdA# *W—W

@a.cdt-i-------- ..-+--—- ....... ..
tieuabumllx-pnwi~

9..%-M pmahute
---—-------M— -----------

y= ~Wg a~dwmm

--—--------+0 -------—----

------—-+0 --------— -----

-------—--+------------

~)alir!dtitidr-

-------------+ --------------

—----— --------------

---------------lo----— ------

W mtio KMcu,~frm

6ib b S!tij ti,dd m. W

arcmd -

h9# MYdio - W-pi-ml*

T.e$imh mh

BbJ1.:Wwi+Mnmfm —
ol&-wbialccalr-”

------------do---------—---
Mtda amxbiomti., hanimg m

tibbJ - titkbl m fm es

m?ulwumcudr~

w 9rlnMc dr,iw, I.mi@’fr.m
side tadb-lduamm.x

m-cad
--—---—----b--------------
mban’umoo~mnids-b

,i& mti} tivelei -, or

Uwmd *1

-—--------* -----— -----
-—--------+0---— --------
Btable#mlllKdti*&~

(:s)
m

s~lo
?tolo

3t0Y

3ti
!?

::3
0

0

0
0
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lo bllg

3tay

3~Y

Tbul

3t0Y

.- ..-.

.- .-. .

30

30
34
0

(3
0.039

.039

.039

.&g

.CM

.046

.03e

.031

.03J

%J

.@

.CQ4

al

.on

.’W

.W

.D1

:3

m-$
Jm3
,ml

Bwa&d

-(EL
1.W3

1.M3
lJ.03

1(M3
l.lm

.M

.W

.4bl
Ml
.w
.w
Ml
.276

.m6

.276

Ml
.3A

.*

.*

4.3X

4,162
.U1

:&i

(2)
1.AI

l.lke
1 .lb2

.m

.303

w
.339

.339

.359

k.va

h.k@
.&s

J_
.443
.32’7
.*

-

(&)
30.7

3 .!?
L

;;;

i?9.3
2?.3
P’I.3
97.3

Z:

%

33.6

33.6

bk.2

W..9

NJ

k9..9

%.4

20.4
34.3

&

-

1.EL8

1.677
1.EL5

1.7%
1.s59

.763

.m?

.9U

.9.2
l,l@
.Wa

1JC9
1.36e

1.340

1.s58

e.138
3.m

e.wl

3.m

1.*

.kq

1.4E5

l,m$

Q.303

e .u7

c%
1.18

lea
1.18

1.2$

1.19

V&

%’

;@

1J6y

1.172

1.167

l.1.eh
1.Q5

l.ell

1.1*

1.W

+:g

b.’fc+
b.nb

b.3$1
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Figure l.- Tbree-view drawing
in Langley
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pant .

of model 1 used for towing
free-flight tunnel.
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Figure 2.- Three-view
tests in

drawing
Langley

of model 2, used for spin-recovery-parachute
20-foot free-spinning tunnel.

—. — ——— .— ————— —.- .-—— - ————- — ‘“
—.—



26

~-- /3.40’” -m

I
&==#==4

NACA TN 2098

Figure 3.- Three-view drawing of model 3, used for spin-recovery-parachute-
tests in Langley 20-foot free-spinning tunnel.
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Figure 4.- Three-view drawing
tests in Langley

of model 4, used for spin-recovery-parachute
20-foot free-spinning tunnel.
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Three-view
tests in

drawing of model 5, used for spin-recovery-parackti
Langley 20-foot free-spinning tunnel.
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~iWe 6.- Three-view drawing of model 6, used in Langley 20-foot free-
spiming-~el tests to determine effect of lengthening towline of a

conventioml flat parachute.
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Figure 7,- An unstable flat paraclmte open in vertically riBing air stream
of Langley 20-foot free -epinning tunnel.
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Figure 8.- A stable
stream

hemispherical parachute open in vertically rising air
of Langley 20-foot free-spinning tunnel.
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Figure 9.- Model 1 towing a 7.23-inch-diameter
chute in Langley free-flight

stible hemispherical para-
tunnel.
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Figure 10.- A typical airplane model spinning in Langley 20-foot free-
spinning tunnel.
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o loa 200 yx 400 500 600 700 800

Fabric Porosity

Figure 11. - Varlation of angle of inclination to air stream with porosity

for hemi~pherical and flat parachutes tested in Langley 20-foot free-

spinning tunnel.
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Figure 12. - Five approxbnatdy g.80-inch-diameter Mapherical parachutes

with pcn-osi~ numbers (left to right) of hOO, 294, 250, 200, and 150

being tested In Langley ‘2&foot free-spi@ng &nnel. Parachute with

porosity of 250 is inclined toward camera,
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Frames 1 to 11 12 to 22

.

23 to 33 34 to 44

Figure 13. - Motion-picture strip of the 5.86-inch-diameterin-porosity
‘hemisphericalparachute - with a weight attached to its towline -
floating freely in vertically rising air stream of Langley !20-foot
free-spinning tunnel. The pictures were made at a camera speed
of 32 frames per second.
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45 to 55

i=K---

J

56 to”66 67 to 77

Figure 13.- Concluded.

78 to 88
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Frames 1 to 13 14 to 26 27 to 39

.,’ -

:>, , -,.,..e - -—

.>,. I -

Figure 14.- Motion-picture strip of the 5.86-inch-diameter 400-porosity
hemispherical parachute - with a weight attached to its towline -
floating freely in vertically rising air stream of Langley 20-foot
free-spinning tunnel. The pictures were made at a camera speed
of 32 frames per second.
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92to 104

Figure 14.- Concluded.
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F@ur~ 15.- Variation of parachute drag coefficient with porosity for

hemispherical parachutes tested in Imgley Z!O-foot free-spinning

tunnel.
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Frames 1 to 11 12 to 22

Unstable Stable

Figure 17. - Motion-picture strip ‘ofunstable 5.70-inch-ti~eter flat
~achute and stable 7.23-inch-diameter h&ispherical parachute being
towed in gliding flight in Langley free-flight tunnel. The pieties
were made at a csm.eraspeed of 32 frames per second.
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Figure 18.- Motion-picture strip of model 5 recovering from a spin
after b.00-inch-dl~tir conventional flat prachuti was opened.

Pmaclnrt% pack started to open at frame h. Parachute hd opened

ml-y at frme 47, Model had recovered from spin at frame 76. Mcdel
in recovery dive during frames ~ to 93, The pictures were made at

a camera speed of 3Z! frames per second.
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25 to 32 41 to 48

Figure 19.- Motion-picture a~ip of model 5 recovering from a spin

after b.20-inch-dtiter @)-poroBi@ bemiaphericd WChutz was
opened. Parachute ~ck started to open at freme 28, Paraclmta had
opened fully at frame 36. Model kd recovered from spin at frame 70.

Mcdel in recovery dive during frames 71 to 82. The pictures were made

at a camera speed of 32 frames ~r second.
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Figure 19.- Concluded.
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Frames 1 to 12 13 to 24 25 to 36

63

37 to 48

.
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LLJ
Figure 20.- Motion-picture strip of model 6 suspended with a 10-inch

towline from 10.00-inch-diameterflat parachute (porosity approxi-
mately 120) in vertically rising air stream of Langley 20-foot fYee-
spinning tunnel. The pictures were madeat a camera speed of 32 frames
per second.
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Figure 21.- Sketch of model with

distances uEed in calculating

I
resulting from ~rachute.

tall ~clmte showing angles and

increasea in stability of mcdel
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